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SUMMARY – The aim of this study was to evaluate clinical and subjective outcomes of the 
meniscal dart technique in patients having undergone arthroscopic meniscal repair by comparing it 
with the outside-in suturing technique. From January 2006 until June 2017, case records of 37 patients 
having undergone arthroscopic meniscal repair were retrospectively reviewed. The patients were 
 divided into two groups based on the technique used for meniscal repair, as follows: 18 patients in 
suture technique group and 19 patients in meniscal dart group. Each patient was analyzed for the 
 following parameters: age, gender, mechanism of injury, side of injury and injured meniscus, injury 
localization regarding anatomic position, injury type and associated injuries. The patients that under-
went meniscal repair were analyzed for type of repair technique, operating results and results of fol-
low-up (Lysholm and International Knee Documentation Committee (IKDC) score). There were no 
statistically significant differences between the groups according to clinical outcomes except for 
 anatomic injury localization (p=0.035). Median of operation time was 62.5 min in suture technique 
group and 70 min in meniscal dart group (p=0.184); median of hospital stay was 2 days for both 
groups (p=0.951); median of Lysholm score was 86.5 and 84.5 (p=0.651); and median of IKDC score 
was 81.05 and 81.6, respectively (p=0.986). Understanding the harmful impact of meniscectomy, 
 arthroscopic meniscal repair should be attempted whenever possible. Our data support arthroscopic 
repair of meniscal tears, since both the suture technique and the meniscal dart technique are safe and 
successful in meniscal repair in children, with good long-term results and without important compli-
cations.
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Introduction
Meniscal injuries are one of the most commonly 
treated conditions in knee surgery today1. In the popu-
lation of young patients, different sports are the most 
common causes of meniscal injury (football, basket-
ball, soccer, baseball and skiing). The mechanism of 
injury includes rotation, hyperextension, or actions of 
great force upon the knee. Diagnosis greatly depends 
on detailed patient history, physical examination and 
imaging techniques. The most frequent presentation of 
meniscal tear is a history of sudden sharp pain after 
rotation of flexed knee and fixed feet on the ground. 
Meniscal tear is in more that 80% of cases associated 
with anterior cruciate ligament rupture2. Patients also 
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complain of swelling, ‘locking’, and other mechanical 
symptoms, while during physical examination joint 
line tenderness and effusion can be found3. Subtotal 
knee meniscectomy was one of the most common op-
eration procedures used in treating meniscal rupture4. 
The loss of meniscal tissue increases contact pressure 
across articular cartilage, which results in earlier devel-
opment of degenerative joint disease. This has led to 
development of surgical techniques used in meniscal 
tear repair1. Using meniscal repair techniques instead 
of subtotal meniscectomy, the harmful long-term out-
comes can be avoided4. The new meniscal repair tech-
niques include all-inside (meniscal arrows, darts, sta-
ples, and other suture devices), inside-out and outside-
in techniques, and according to the literature, the latter 
is technically simple with promising clinical results 
while also avoiding osteoarthrosis and other major 
complications after meniscectomy5.
The aim of this study was to analyze clinical and 
subjective outcomes in patients having undergone ar-
throscopic meniscal repair using outside-in suturing 
technique and meniscal dart technique.
Patients and Methods
Patients
Case records of 42 children (26 male and 16 fe-
male) having undergone arthroscopic meniscal repair 
from January 2006 to June 2017 were retrospectively 
reviewed. The study was carried out as a retrospective 
cohort trial. Informed consent was obtained from par-
ents or legal guardians of all patients and the institu-
tional Ethics Committee approved the study.
The study included patients of both genders aged 0 
to 18 and treated with arthroscopic meniscal repair 
techniques (meniscal suturing or fixation with meniscal 
dart). The exclusion criteria were as follows: patients 
older than 18 years of age, patients operated on with 
other techniques (meniscus shaving or resection), pa-
tients with follow-up shorter than 12 months and pa-
tients with incomplete data. Five patients were exclud-
ed from the study because they met one or more of 
the  exclusion criteria or were lost from follow-up. A 
total of 42 patients were included in the study; five pa-
tients were excluded because they had follow-up short-
er than 3 months or incomplete data. Following that, 
37 patients (23 male and 14 female) participated in the 
follow-up examination (Fig. 1). In all patients, data on 
age, sex, side involved, trauma mechanism, type of in-
jury, anatomic localization of injury, associated injuries, 
complications, operating time and duration of hospital 
stay were analyzed. Patient data are summarized in 
Table 1. Based on the technique used for arthroscopic 
meniscal repair, patients were divided into two groups, 
as follows: group 1 (suturing technique; n=18) and 
group 2 (meniscal dart; n=19) (Table 2).
Hypothesis and outcome measures
The primary endpoint of this study was to analyze 
clinical and subjective outcomes of patients having un-
dergone arthroscopic meniscal repair using outside-in 
suturing technique and meniscal dart technique. The 
primary outcome measures were the International 
Knee Documentation Committee (IKDC) subjective 
knee evaluation form and Lysholm knee scoring scale. 
The secondary outcome variables were intraoperative 
and postoperative complications, duration of the op-
eration, hospital stay, the rate of reoperations and prev-
alence of associated knee injuries. Intraoperative com-
plications included injury of vascular or neural struc-
tures, incarceration of Sartorius tendon, broken re-
trieved instrumentation, and equipment failure or 
instrument breakage (heat induced or chondral injury). 
Postoperative complications included infection, hem-
arthrosis, persistent pain, swelling, stiffness, hypertro-
phic synovitis and compartment syndrome.
Surgical treatment
Standard anterior arthroscopy approach was used. 
After introduction of the arthroscope and inspection 
of the knee, revitalization of tear margins was per-
formed. Two operating techniques were used. Suture 
techniques were selected depending on the type and 
Fig. 1. Flowchart and multivariate analysis of patients 
included in the study.
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Female 7 (39%) 7 (37%) 0.897*
Male 11 (61%) 12 (63%)
Knee lateralization
n (%)
Left knee 8 (44%) 8 (42%) 0.885*
Right knee 10 (56%) 11 (58%)
Meniscus lateralization
n (%)
Medial meniscus 13 (72%) 13 (68%) 0.714***
Lateral meniscus 4 (22%) 6 (32%)
Both 1 (6%) 0 (0%)
Anatomic location of the injury
n (%)
Anterior horn 2 (11%) 4 (21%) 0.035***
Body 16 (89%) 10 (53%)






























Associated injuries 9 8 0.47*
Postoperative complications (n) 2 1 0.3*








IQR = interquartile range; IKDC = International Knee Documentation Committee; *χ2-test; **Mann-Whitney U test; 
***Fisher exact test
location of meniscal tear. The outside-in technique was 
performed with a nonresorbable suture (Premilene 
2/0, Braun, Tuttlingen, Germany). The suture was in-
troduced from outside the joint through the base of 
the meniscus using a cannulated needle and then 
pulled back out using a suture loop inserted with an-
other cannulated needle. The U-suture is knotted over 
the joint capsule through a stab incision. In the all-
inside technique, the system for dart application in-
cludes a cannulated insertion sheath and disposable 
dart driver preloaded with a meniscal dart (Meniscal 
dartTM, 1.3x12 mm, Arthrex, Karlsfeld, Germany) at 
its distal end. The insertion sheath is located near the 
meniscal tear, and sharp prongs on the tip of the sheath 
are used to secure and position the central fragment of 
the torn meniscus. The dart driver with a preloaded 
dart is advanced through the cannulation of the inser-
tion sheath so that the preloaded meniscal dart at the 
distal end of the driver is inserted through the menis-
cal tear.
Follow-up
The patients were regularly followed up for 7 days, 
and then at 1, 3, 6 and 12 months after index surgery 
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Group 1: outside-in meniscal suture technique
1 18 M Right Lateral B 15 79 69
2 17 M Right Medial B 19 100 81.6
3 18 F Left Medial B 24 89 37.9
4 17 F Right Medial B 29 69 42.5
5 17 M Right Lateral B 29 100 95.4
6 14 F Right Medial B 32 84 78.2
7 14 F Left Medial B 33 60 72.4
8 18 M Left Medial B 38 90 90.8
9 16 M Left Medial B 40 100 97.7
10 15 M Left Medial B 40 76 100
11 17 F Left Lateral AH 67 84 62.1
12 18 M Left Medial B 85 78 79.3
13 15 M Right Lateral B 97 98 97.7
14 18 F Left Med./Lat. AH 119 74 69
15 18 M Right Medial B 120 78 90.8
16 18 M Right Medial B 121 95 86.2
17 17 M Right Medial B 124 97 88.5
18 17 F Right Medial B 145 98 80.5
Median 40 86.5 81.05
Group 2: meniscal dart technique
1 15 F Right Lateral AH 13 90 66.7
2 16 F Right Medial AH 14 98 51.7
3 17 M Right Medial B 15 88 56.3
4 12 M Right Medial PH 15 90 73.9
5 14 F Left Lateral AH 16 87 55.2
6 15 F Right Medial PH 17 94 81.6
7 13 F Right Medial B 21 84 66.7
8 13 M Left Lateral PH 24 100 96.6
9 16 M Right Medial B 25 65 90.8
10 16 M Right Lateral B 25 80 86.2
11 18 M Left Medial AH 29 86 96.6
12 16 F Right Lateral B 30 68 67.8
13 17 F Left Medial B 30 87 83.9
14 15 M Left Medial B 34 75 98.9
15 18 M Right Medial B 57 78 78.2
16 15 M Right Lateral PH 68 84 93.1
17 14 M Left Medial PH 91 84 74.7
18 17 M Left Medial B 94 84 83.9
19 16 M Left Medial B 95 84 90.8
Median 25 84.5 81.6
IKDC = International Knee Documentation Committee; AH = anterior horn; PH = posterior horn; B = body; F = female; M = male
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using the IKDC subjective knee evaluation form and 
Lysholm knee scoring scale. The IKDC evaluation 
form was used to detect improvement or deterioration 
in symptoms, function and sports activities due to knee 
impairment. It consists of three domains, i.e. symp-
toms, sports and daily activities, current knee function 
and knee function prior to knee injury, with a total 
score of 1006. Lysholm knee scoring scale was used to 
evaluate outcomes of knee ligament surgery, particu-
larly symptoms of instability. The revised scale includes 
8 items: limp, support, locking, instability, pain, swell-
ing, stair climbing, and squatting7.
Statistical analysis
Data were analyzed using the Microsoft Excel 
for Windows version 11.0 (Microsoft Corporation, 
Washington, WA, USA) and SPSS 19.0 (IBM Corp, 
Armonk, NY, USA) software programs. Distributions 
of quantitative data were described by median and 
range, whereas absolute rates and percentages were 
used to describe categorical data. Differences in me-
dian values of quantitative variables between the 
groups of patients were tested with Mann-Whitney U 
test. The χ2-test or Fisher exact test was used on statis-
tical analysis of categorical data, depending on the dis-
tribution of data. All values of p<0.05 were considered 
to indicate statistical significance.
Results
There was no statistically significant gender differ-
ence between the two groups (p=0.897) (Table 1). Me-
dian patient age was 17 (IQR 14, 18) years in the 
meniscal suture group and 15.5 (IQR 12, 18) years in 
the meniscal dart group (p=0.0109) (Table 1).
According to lateralization of the injured knee, in 
the meniscal suture group left knee was injured in 
eight (44%) and right knee in ten (56%) patients, 
whereas in the meniscal dart group left knee was af-
fected in eight (42%) and right knee in 11 (58%) pa-
tients. There was no statistically significant difference 
between the two groups according to lateralization of 
the injury (p=0.885) (Table 1).
In the meniscal suture group, medial meniscus was 
ruptured in 13 (72%), lateral meniscus in four (22%) 
patients and both menisci in one (6%) patient. In the 
meniscal dart group, medial meniscus was ruptured in 
13 (68%) and lateral meniscus in six (32%) patients. 
There was no statistically significant difference be-
tween the two groups according to affection of menis-
cal lateralization (p=0.714) (Table 1).
Anterior horn of meniscus was injured in two 
(11%) and body of meniscus in 16 (89%) patients in 
the meniscal suture group. In the meniscal dart group, 
anterior horn was injured in four (21%), body in ten 
(53%) and posterior horn in five (26%) patients. Sta-
tistically significant difference between the two groups 
was found according to anatomic location of meniscal 
rupture (p=0.035) (Table 1).
Median of operation time was 62.5 (IQR 60, 90) 
min in the meniscal suture group and 70 (IQR 70, 
100) min in the meniscal dart group. Median of the 
length of hospital stay was 2 days in both groups. There 
was no statistically significant between-group differ-
ence in the operation time (p=0.184) and length of 
hospital stay (p=0.95) (Table 1).
Median of the Lysholm knee score was 86.5 (IQR 
78, 98) for the meniscal suture group and 84.5 (IQR 
80, 90) for the meniscal dart group.
Median of the IKDC subjective knee evaluation 
form was 81.05 (IQR 69, 90.8) for the meniscal suture 
group and 81.6 (IQR 66.7, 90.8) for the meniscal dart 
group. There was no statistically significant difference 
between the two groups according to Lysholm knee 
score (p=0.651) and IKDC score (p=0.986) (Table 1).
Median of the length of follow-up in months was 
40 (IQR 29, 119) for the meniscal suture group and 25 
(IQR 16, 57) for the meniscal dart group, yielding a 
statistically significant between-group difference 
(p=0.015) (Table 1).
There were no intraoperative complications record-
ed. There were 3 (8.1 %) postoperative complications, 
i.e. 2 (5.4%) wound infections (one in each group) and 
1 (2.7%) postoperative stiffness in the outside-in 
meniscal suture group. The patient with postoperative 
stiffness was reoperated on.
Out of 37 patients included in the study, 17 (46%) 
patients had associated one or more knee injuries due 
to the event that led to meniscal injury, i.e. eight (21%) 
patients in the meniscal suture group and nine (24%) 
patients in the meniscal dart group. There was no sta-
tistically significant difference between the two groups 
according to the prevalence of associated knee injuries 
(p=0.47) (Table 3).
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Concerning injury mechanisms of meniscal rup-
ture, sports activities were the dominant cause. Soccer 
players were the most likely athletes to sustain a menis-
cal injury (36%), followed by handball (19%), volley-
ball (11%), fight sports (8%), weightlifting (6%), danc-
ing and rock climbing (1% both), and other sports or 
activities.
Discussion
Meniscal tears are the most common knee injuries 
showing an increasing tendency in pediatric patients8. 
The adolescent meniscus is better vascularized and in-
dications for repair should be extended to avascular 
zones with satisfactory result2,9. Meniscal repairs have 
better long-term patient-reported outcomes and bet-
ter activity levels than meniscectomy; besides, the for-
mer meniscal repairs have a lower failure rate10.
In our study, there were no statistically significant 
between-group differences according to patient gender 
and these results are consistent with the results report-
ed by Schmitt et al. on 63% of boys and 37% of girls in 
their study8. Regarding lateralization of the injured 
knee, 42% of patients had left knee and 58% right knee 
injured. Schmitt et al. and Lucas et al. report on similar 
findings in their studies8,11.
Medial meniscus is more commonly injured  be-
cause it is firmly attached to the medial collateral liga-
ment and joint capsule, while lateral meniscus is more 
mobile than medial meniscus as there is no attachment 
to the lateral collateral ligament or joint capsule. Simi-
lar distribution regarding meniscal injury lateraliza-
tion was found in our study.
Anatomic location of meniscal rupture influences 
the choice of the repair technique. Suturing is used 
when the rupture is located on the menisco-capsular 
junction and in the ‘bucket handle’ types of rupture in 
the middle part of the meniscus, while the outside-in 
technique is the best for the anterior horn ruptures, 
which coincides with the results of two studies con-
ducted by Post et al.12 and Rodeo13. Meniscal fixation 
by dart is used for ruptures in the posterior part of the 
meniscus because this technique decreases the possible 
neurovascular structure injury14.
The length of hospital stay was 2 days in both 
groups. According to the National Health Care Sys-
tem guidelines, patients having undergone only menis-
cal or chondral operation are supposed to be hospital-
ized for 1 day, but in our hospital patients immediately 
start with physical therapy and rehabilitation, which 
was the reason for longer hospital stay in our patients15.
There were no statisticaly significant differences ac-
cording to Lysholm knee score and IKDC subjective 
knee evaluation between the two groups. In the suture 
group, median of Lysholm score was 86.5. Similar 
score of 87.29 is reported by Abdelkafy et al.16. Sobhy 
et al. report median Lysholm (34 to 88) and median 
IKDC subjective scores (25 to 88) for the outside-in 
technique follow-up17.
Schmitt et al. report the mean IKDC score 90.7 
and mean Lysholm score 95 for the all-inside meniscal 
repair techniques in pediatric patients, which is slight-
ly different from our median IKDC score 81.6 and 
median Lysholm score 84.5 for the meniscal dart 
group8. Haas et al. report results of postoperative 
IKDC 92, confirming the all-inside technique to be 
safe and efficient for meniscal repair18.
Regarding complications, the overall rate of 8.1% 
recorded in our study was lower than the 18% overall 
complication rate in the study by Austin et al. for com-
plications of arthroscopic meniscal repair19. We report 
only one case of postoperative stiffness that required 
redo surgery. Schmitt et al. also report a case of postop-
erative stiffness, which resolved within a few weeks by 
physiotherapy8.
Table 3. Type and incidence of associated injuries
Associated injury n Percent
Ligament injury 11 55%
Partial anterior cruciate ligament 
rupture 4 20%
Total anterior cruciate ligament 
rupture 7 35%
Chondral injury 5 25%
Medial femoral condyle contusion 3 15%
Lateral femoral condyle contusion 1 5%
Intercondylar eminence contusion 1 5%
Patella injury 3 15%
Patella contusion 2 10%
Pattelo-tibial membrane rupture 1 5%
Miscellaneous 1 5%
Hemarthrosis 1 5%
Total associated injuries 20 100%
Z. Pogorelić et al. Management of meniscal injuries in adolescents
Acta Clin Croat, Vol. 59, No. 3, 2020 437
Subsequent to the meniscal injury, a high percent 
of patients with acute traumatic meniscal rupture sus-
tained an anterior cruciate ligament (ACL) injury. 
ACL injury is connected to meniscal injuries because 
knee ligaments have a protective role on the menisci. 
About 50% of patients with meniscal tear have ACL 
injury, which is consistent with our result of 55% ACL 
injuries20.
Compared to the study by Kilcoyne et al.20, which 
studied epidemiology of meniscal injuries associated 
with ACL tears in young athletes, our results are quite 
different. Kilcoyne et al. found wrestling and volleyball 
as the sports that had the highest incidence of menis-
cal injury20, and in our study soccer had the highest 
incidence as injury mechanism.
Results of both meniscal repair techniques showed 
high success rates in terms of resolution of symptoms 
and healing rate. Torn meniscus requires postoperative 
protection to allow healing and physical therapy to 
 regain function of the knee very soon after surgery. 
All torn menisci in our series healed with excellent 
 results. The patients resumed their daily activities very 
soon.
We note several limitations to this study. Literature 
data on the clinical results of meniscal repairs are vari-
able because of different inclusion criteria. Numerous 
all-inside meniscal repair devices have been developed, 
so it is hard to compare just meniscal dart as one 
option of the all-inside meniscal repair devices to 
the outside-in suture technique. In addition, the study 
included a small number of patients because of the 
low frequency of meniscal lesions in adolescents, 
and some of the patients were lost due to the high 
 mobility of pediatric population having grown into 
adulthood.
Conclusion
Understanding the harmful impact of meniscecto-
my, arthroscopic meniscal repair should be attempted 
whenever possible and applied in children and adoles-
cents as well. Both the outside-in suture technique and 
all-inside meniscal repair technique by using darts 
provided satisfactory functional results in this study. 
Our data support routine arthroscopic repair of menis-
cal tears, with good long-term results and low risk of 
complications.
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Sažetak
ARTROSKOPSKO LIJEČENJE OZLJEDA MENISKA U ADOLESCENATA:  
USPOREDBA TEHNIKE ŠIVANJA IZVANA-UNUTRA I MENISKEALNIH STRELICA
Z. Pogorelić, E. Puizina, M. Jukić, J. Meštrović, I. Pintarić i D. Furlan
Cilj ovoga istraživanja je bio analizirati kliničke i subjektivne ishode liječenja u bolesnika operiranih zbog ozljeda meni-
ska te usporediti dvije skupine bolesnika operiranih različitim tehnikama popravka meniska. Od siječnja 2006. do lipnja 
2017. godine u studiju je uključeno 37 bolesnika koji su liječeni artroskopski zbog rupture meniska. Bolesnici su podijeljeni 
u dvije skupine ovisno o vrsti kirurškog zahvata: jednu skupinu skupinu činilo je 18 bolesnika u kojih je meniskus šivan teh-
nikom postavljanja šavova, a drugu 19 bolesnika u kojih su upotrebljene strelice za fiksaciju meniska. Svakom ispitaniku 
analizirani su sljedeći parametri: dob, spol, mehanizam nastanka ozljede, lateralizacija ozljede i meniska, anatomska lokaliza-
cija ozljede i pridružene ozljede. Ispitanicima koji su podvrgnuti tehnikama popravka meniska analizirani su još i vrsta kirur-
ške tehnike popravka meniska, rezultati subjektivne evaluacije 4 tjedna nakon operacije putem upitnika Lysholm i IKDC 
(International Knee Documentation Committee) te komplikacije nakon operacije. Između skupina bolesnika operiranih tehni-
kom postavljanja šavova i tehnikom fiksacije meniska strelicama nije bilo značajne razlike u promatranim ishodima  liječenja, 
osim za anatomsku lokalizaciju ozljede (p=0,035). Medijani operacijskog vremena u skupini bolesnika operiranih tehnikom 
postavljanja šavova iznosio je 62,5 min, dok je u skupini fiksacije meniska strelicama medijan operacijskog vremena iznosio 
70 minuta (p=0,184). Medijan duljine hospitalizacije bio je 2 dana za obje skupine (p=0,951). Medijan vrijednosti ljestvice 
Lysholm za promatrane skupine bio je 86,5 i 84,5 (p=0,651), a ljestvice IKDC 81,05 i 81,6 (p=0,986). Poznavajući štetne 
učinke meniskektomije, tehnika popravka meniska je dugoročnije bolji odabir i trebala bi se provoditi kadgod je to moguće. 
Obje tehnike (tehnika postavljanja šavova i tehnika fiksacije meniska strelicama) su sigurne i uspješne u liječenju ruptura 
meniska u djece, bez značajnijih komplikacija te s dobrim dugoročnim rezultatima.
Ključne riječi: Menisk; Popravak meniska; Djeca; Strelice za menisk; Šivanje; Artroskopija
